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Claims 



Piezoelectric actuator liaving 

a piezoelectric element (2; 21) for actuating a mechanical component with 
a pulling or pushing force, and a compensating element (3; 22), wherein 
the piezoelectric element (2) and the compensating element (3; 22) 
basically have the same temperature expansion coefficients, and wherein 
the compensating element (3; 22) is mechanically coupled to the 
piezoelectric element (2; 21) in such a fashion that the temperature- 
induced expansions of the piezoelectric element (2; 21) and the 
compensating element (3; 22) cancel each other out in the effective 
direction in such a fashion that the actuating element remains in its 
position. 

Piezoelectric actuator according to claim 1, characterized in that 
a heat transfer compound (12) is located between the piezoelectric 
element (2; 21) and the compensating element (3; 22). 

Piezoelectric actuator according to claim 1 [or 2], characterized in that 
the piezoelectric element (2; 21) is supported on one end on a fixed 
support plate (9), which fixed support plate (9) bears against the housing 
(7) for the piezoelectric actuator (1 ; 20) via a spring (10) and which is 
connected at the other end to a pretensioning spring (6; 23) via a pressing 
plate (11; 24), which pretensioning spring (6; 23), in turn, is held against 
the fixed support: plate (9) with its other end, and that 
the compensating element (3; 22) basically lies parallel to the piezoelectric 
element (2; 21) and is also held against the fixed support plate (9) with 
one end and solidly abuts the housing (7) with the other end. 

Piezoelectric actuator according to claim 3, characterized in that 



the pretensioning spring (6) and the piezoelectric element (2) are located 
in tandem. 

Piezoelectric actuator according to claim 4, characterized in that 
the movable end of the piezoelectric element (2) is connected to the 
pressing plate (5) via a tightening strap (8). 

Piezoelectric actuator according to claim 3, characterized in that 
the pretensioning spring (23) and the piezoelectric element (21 ) are 
situated parallel to each other. 

Piezoelectric actuator according to [one of the preceding claims] claim 1 . 
characterized in that 

the pretensioning spring is fonned out of at least one zigzag spring (6; 23). 

Piezoelectric actuator according to [one of the preceding claims] claim 1 . 
characterized in that 

the piezoelectric element (2; 21) is composed of a multilayer structure of 
transversely arranged, ceramic piezoelectric plies that become longer in 
the effective direction when an external electric voltage is applied, and the 
compensating element (3; 22) is made of ceramic. 

Piezoelectric actuator according to [one of the claims 1 through 6] claim 1 . 
characterized in that 

the piezoelectric element (2, 21) is composed of a multilayer structure of 
transversely arranged, ceramic piezoelectric plies that become longer in 
the effective direction when an extemal electric voltage is applied, and that 

the compensating element (3; 22) is composed of piezoelectric plies 
arranged in the longitudinal direction that become shorter in the effective 
direction when an extemal electric voltage is applied. 



1 Claims 
2 

3 1 . Piezoelectric actuator having 

4 - a piezoelectric element (2; 21 ) for actuating a mechanical component with 

5 a pulling or pushing force, and a compensating element (3; 22), wherein 

6 the piezoelectric element (2) and the compensating element (3; 22) 

7 basically have the same temperature expansion coefficients, and wherein 

8 - the compensating element (3; 22) is mechanically coupled to the 

9 piezoelectric element (2; 21 ) in such a fashion that the temperature- 

1 0 induced expansions of the piezoelectric element (2; 21 ) and the 

1 1 compensating element (3; 22) cancel each other out In the effective 

12 direction in such a fashion that the actuating element remains in its 

13 position. 
p 14 

\tsSi 

1 5 2. Piezoelectric actuator according to claim 1 , characterized in that 

P 1 6 - a heat transfer compound (12) is located between the piezoelectric 

'0 1 7 element (2; 21 ) and the compensating element (3; 22). 

jit 1 9 3. Piezoelectric actuator according to claim 1 , characterized In that 

1^ 20 - the piezoelectric element (2; 21) is supported on one end on a fixed 

m 21 support plate (9), which fixed support plate (9) bears against the housing 

22 (7) for the piezoelectric actuator (1 ; 20) via a spring (1 0) and which is 

23 connected at the other end to a pretensioning spring (6; 23) via a pressing 

24 plate (1 1 ; 24), which pretensioning spring (6; 23), In turn, is held against 

25 the fixed support plate (9) with its other end, and that 

26 - the compensating element (3; 22) basically lies parallel to the piezoelectric 

27 element (2; 21 ) and is also held against the fixed support plate (9) with 

28 one end and solidly abuts the housing (7) with the other end. 
29 

30 4. Piezoelectric actuator according to claim 3, characterized in that 



1 - the pretensioning spring (6) and the piezoelectric element (2) are located 

2 in tandem. 

3 

4 5. Piezoelectric actuator according to claim 4, characterized in that 

5 - the movable end of the piezoelectric element (2) is connected to the 

6 pressing plate (5) via a tightening strap (8). 
7 

8 6. Piezoelectric actuator according to claim 3, characterized in that 

9 - the pretensioning spring (23) and the piezoelectric element (21 ) are 
1 0 situated parallel to each other. 

11 

12 7. Piezoelectric actuator according to claim 1 , characterized in that 

1 3 - the pretensioning spring Is formed out of at least one zigzag spring (6; 23). 
14 

1 5 8. Piezoelectric actuator according to claim 1 , characterized In that 

1 6 - the piezoelectric element (2; 21 ) Is composed of a multilayer structure of 

1 7 transversely arranged, ceramic piezoelectric plies that become longer in 

18 the effective direction when an external electric voltage is applied, and the 

1 9 compensating element (3; 22) is made of ceramic. 
20 

21 9. Piezoelectric actuator according to claim 1 , characterized in that 

22 - the piezoelectric element (2, 21 ) Is composed of a multilayer structure of 

23 transversely an-anged, ceramic piezoelectric piles that become longer in 

24 the effective direction when an external electric voltage is applied, and that 
25 

26 - the compensating element (3; 22) is composed of piezoelectric plies 

27 arranged In the longitudinal direction that become shorter in the effective 

28 direction when an external electric voltage Is applied. 
29 
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1 PIEZOELECTRIC ACTUATOR 

2 ' ' — 

3 Prior Art 
4 

5 The Invention provides a piezoelectric actuator, e.g., for actuating a mechanical 

6 component such as a valve or the like, according to the generic features of the 

7 primary claim. 
8 

9 It is generally known that, by utilizing the "piezoelectric effect", a piezoelectric 

10 element can be built using a material having a suitable crystal structure. When an 

1 1 extemal electrical voltage is applied, a mechanical reaction of the piezoelectric 

12 element takes place that represents a push or a pull in a specifiable direction 

1 3 depending on the crystal structure and the application site of the electrical 
Q 14 voltage. 

)fsss 

m 

16 The piezoelectric actuators named previously are often used to position valves, 

si 17 In this case it should be noted, among other things, that their lifting ability for 

U 1 8 actuating a valve tappet, for example, is relatively small. On the other hand, the 

W 1 9 different thermal expansion of the ceramic of the piezoelectric element and the 

m 20 housing leads to problems; the piezoelectric element has a very low temperature 

1^ 21 expansion and the housing, which is usually metallic, has a positive temperature 

22 expansion, which can lead to a drifting of the position of the valve tappet without 

23 control by the piezoelectric element. 
24 

25 So far, such perturbing actions could only be diminished in the usual fashion by 

26 using very expensive materials, such as invar, which have a negative 

27 temperature expansion. Another method was to connect a material with high 

28 temperature expansion In series with the piezoelectric element, which, however, 

29 reduces the stiffness of the system and, therefore, the acutator force. 
30 
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1 Advantages of the Invention 

2 

3 The piezoelectric actuator already explained hereinabove, which can be used to 

4 actuate a mechanical component, for example, advantageously comprises a 

5 piezoelectric element with which, according to the invention, a compensating 

6 element is an-anged in parallel. It is particularly advantageous thereby that the 

7 piezoelectric element and the compensating element basically have the same 

8 temperature expansion coefficients, so that the temperature-induced expansions 

9 of the piezoelectric element and the compensating element— when the two 

1 0 elements are mechanically installed in suitable fashion— cancel each other out in 

1 1 the effective direction in such a fashion that an actuating element solidly 

^ 12 connected to a pressing plate of the piezoelectric element remains in its position. 

0 13 It can therefore be achieved in simple fashion that a metallic housing, e.g., made 

j]g 14 of steel, is still used for the piezoelectric actuator, and the piezoelectric element 

''^ 1 5 can be fastened in the housing in such a fashion that the compensating element 

fl 16 for temperature compensation is always solidly connected to the piezoelectric 

Q 1 7 element. In an especially prefen-ed exemplary embodiment of the invention, a 

Ij^; 18 heat transfer compound is located between the piezoelectric element and the 

iil 1 9 compensating element, with which a good temperature compensation between 

20 the compensating element and the piezoelectric element can be produced. 

21 

22 According to the invention and in advantageous fashion, the piezoelectric 

23 element can be pretensioned in itself in simple fashion. The piezoelectric element 

24 is supported on one end against a fixed support plate that bears against a 

25 housing for the piezoelectric actuator via a spring. At the other end, the 

26 piezoelectric element is connected via a pressing plate to a pretensioning spring 

27 which, in tum, is held with its other end against the fixed support plate. The 

28 compensating element thereby lies basically parallel to the piezoelectric element 

29 and also bears against the fixed support plate at one end; at the other end, the 

30 compensating element solidly abuts the housing. 
31 
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1 The pretensioning spring and the piezoelectric element can thereby be arranged 

2 in simple fashion in tandem, for example, whereby the movable end of the 

3 piezoelectric element can be connected to the pressing plate via a tightening 

4 strap. It is also possible, however, that the pretensioning spring and the 

5 piezoelectric element are situated parallel to each other, whereby, for instance, 

6 two symmetrically located zigzag springs can be located in the heat transfer 

7 compound as pretensioning springs that are also parallel to each other. 
8 

9 The proposed interconnection of the piezoelectric element, the ceramic ring, and 

10 the pretensioning spring is solidly braced with the housing, whereby the 

1 1 pretensioning forces are much higher than the switching forces of the 

If 12 piezoelectric element, and the pretensioning spring makes a temperature 

Q 1 3 compensation motion relative to the housing possible. The magnitude of the 

^ 14 pretension can thereby be produced in simple fashion via a mounting nut. Even 

iji 15 when the temperature expansion coefficient of the compensating element does 

% 16 not correspond to that of the piezoelectric element, the temperature 

;L,^ 1 7 compensation can be "tuned" via the length of the compensating element. In the 

gy 1 8 exemplary embodiment, the support of the compensating element on the 

!^ 19 mounting nut represents the common zero point, which mounting nut is solidly 

3 20 connected to the housing. 
21 

22 This and further features of preferred further developments of the invention arise 

23 out of the claims as well as the description and the drawings, whereby the 

24 individual features can be realized alone or in plurality in the form of 

25 subcombinations in the exemplary embodiment of the invention and in other 

26 fields, and they can represent advantageous and inherently patentable 

27 embodiments, for which protection is claimed here. 
28 
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1 Drawing 
2 

3 Exemplary embodiments of tlie temperature-compensated piezoelectric actuator 

4 according to the invention, e.g., for the positioning of a valve, are explained using 

5 the drawing. 
6 

7 Figure 1 is a sectional view through a piezoelectric actuator held with a 

8 tightening strap with a compensating element and a pretensioning 

9 spring located behind it, and 
10 

1 1 Figure 2 is a sectional view through a piezoelectric actuator with a 

12 compensating element and pretensioning springs located parallel to 
h 13 each other. 

1 6 Description of the Exemplary Embodiments 

^ 17 

u . 18 Figure 1 shows a piezoelectric actuator that comprises a piezoelectric element 2 

IS] 19 that is built in known fashion out of piezoelectric plies of a quartz material having 

W 20 a suitable crystal structure, so that, by utilizing the "piezoelectric effect", when an 

m 21 external electrical voltage is applied to electrodes not shown in this figure, a 

22 mechanical reaction of the piezoelectric actuator 1 takes place. In the 

23 piezoelectric actuator 1 according to Figure 1 , the piezoelectric element 2 is 

24 made of ceramic and a compensating element 3 is also made of ceramic, but 

25 without a "piezoelectric effect". 
26 

27 The piezoelectric element 2 is surrounded by a tightening strap 4 that is welded 

28 to a pressing plate 5 at the top, which serves as the mount for a zigzag spring 6 

29 as the tensioning spring. A base plate 1 1 , with which the piezoelectric element 2 

30 abuts, lies between the compensating element 3 which solidly bears against the 

31 housing 7 or a mounting nut on the other side, and a sleeve arrangement 8, 
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1 which, in turn, bears against a fixed support plate 9. The fixed support plate 9, in 

2 turn, is held against the housing 7 via a spring 10 for the compensating element 

3 3. The pretensioning spring 6 is thereby held between the pressing plate 5 and 

4 the fixed support plate 9. In the exemplary embodiment, an actuation of the 

5 piezoelectric actuator 1 leads to an axial expansion of the piezoelectric element 2 

6 and, therefore, to an axial motion of an actuating element not visible here. 
7 

8 A heat transfer compound 1 2 is applied between the piezoelectric element 2 and 

9 the compensating element 3, which makes an optimal temperature compensation 

10 of these two elements possible. Since the piezoelectric element 2 and the 

1 1 compensating element 3 basically have the same temperature expansion 

1 2 coefficients, the temperature-induced expansions of the piezoelectric element 2 
;!: 1 3 and the compensating element 3 lead to a cancellation of the influences of both 
Q 14 elements 2 and 3 in the effective direction with the proposed mechanical 

J 1 5 installation. The actuating element can therefore remain in its position. 
'I 16 

:i|s= 

fl 17 A second exemplary embodiment of a piezoelectric actuator 20 is shown in 

;U 18 Figure 2, whereby the equally-acting components are labelled with the same 

19 reference numerals as in Figure 1 . In the arrangement according to Figure 2 as 

yi 20 well, a piezoelectric element 21 and a compensating element 22 are produced 

;r{ 21 out of a ceramic materal with nearly identical temperature expansion coefficients. 

22 Zigzag springs 23, as pretensioning springs, an-anged in parallel, and a heat 

23 transfer compound 12 are located here between the elements 21 and 22. In this 

24 exemplary embodiment as well, an actuation of the piezoelectric actuator 20 

25 leads to an axial expansion of the piezoelectric element 21 and, therefore, to an 

26 axial motion of an actuating element— guided by a pressing plate 24 and not 

27 shown here— against the pretension of the pretensioning springs 23. 
28 

29 Since, in this case as well, the piezoelectric element 21 and the compensating 

30 element 22 basically have the same temperature expansion coefficients, the 

31 temperature-induced expansions of the piezoelectric element 21 and the 
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1 compensating element 22 lead to a cancellation of the Influences of the two 

2 elements 21 and 22 in the effective direction with the proposed mechanical 

3 installation. The actuating element solidly connected to the pressing plate 24 of 

4 the piezoelectric element 21 can therefore remain in its position. 
5 

6 
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1 Claims 
2 

3 1 . Piezoelectric actuator having 

4 - a piezoelectric element (2; 21 ) for actuating a mechanical component with 

5 a pulling or pushing force, and a compensating element (3; 22), wherein 

6 the piezoelectric element (2) and the compensating element (3; 22) 

7 basically have the same temperature expansion coefficients, and wherein 

8 - the compensating element (3; 22) is mechanically coupled to the 

9 piezoelectric element (2; 21 ) in such a fashion that the temperature- 

1 0 induced expansions of the piezoelectric element (2; 21 ) and the 

1 1 compensating element (3; 22) cancel each other out in the effective 
P 12 direction in such a fashion that the actuating element remains in its 
0 13 position. 

'H 1 5 2. Piezoelectric actuator according to claim 1 , characterized in that 

C= 16 - a heat transfer compound (12) is located between the piezoelectric 

Q 1 7 element (2; 21 ) and the compensating element (3; 22). 
18 

ijl 19 3. Piezoelectric actuator according to claim 1 or 2, characterized in that 

lil 20 - the piezoelectric element (2; 21 ) is supported on one end on a fixed 

21 support plate (9), which fixed support plate (9) bears against the housing 

22 (7) for the piezoelectric actuator (1 ; 20) via a spring (1 0) and which is 

23 connected at the other end to a pretensioning spring (6; 23) via a pressing 

24 plate (1 1 ; 24), which pretensioning spring (6; 23), in turn, is held against 

25 the fixed support plate (9) with its other end, and that 

26 - the compensating element (3; 22) basically lies parallel to the piezoelectric 

27 element (2; 21 ) and is also held against the fixed support plate (9) with 

28 one end and solidly abuts the housing (7) with the other end. 
29 

30 4. Piezoelectric actuator according to claim 3, characterized In that 



8 



1 - the pretensioning spring (6) and the piezoelectric element (2) are located 

2 in tandem. 
3 

4 5. Piezoelectric actuator according to claim 4, characterized in that 

5 - the movable end of the piezoelectric element (2) is connected to the 

6 pressing plate (5) via a tightening strap (8). 
7 

8 6. Piezoelectric actuator according to claim 3, characterized in that 

9 - the pretensioning spring (23) and the piezoelectric element (21 ) are 
1 0 situated parallel to each other. 

11 

1 2 7. Piezoelectric actuator according to one of the preceding claims, 
p 13 characterized in that 

15 14 - the pretensioning spring is formed out of at least one zigzag spring (6; 23). 

m 15 

J 16 8. Piezoelectric actuator according to one of the preceding claims, 
;U 17 characterized in that 

W 1 8 - the piezoelectric element (2; 21 ) is composed of a multilayer structure of 
I S 19 transversely arranged, ceramic piezoelectric plies that become longer in 

J 20 the effective direction when an extemal electric voltage is applied, and the 

21 compensating element (3; 22) is made of ceramic. 

22 

23 9. Piezoelectric actuator according to one of the claims 1 through 6, 

24 characterized in that 

25 - the piezoelectric element (2, 21 ) is composed of a multilayer structure of 

26 transversely arranged, ceramic piezoelectric plies that become longer in 

27 the effective direction when an external electric voltage is applied, and that 
28 

29 - the compensating element (3; 22) Is composed of piezoelectric plies 

30 arranged In the longitudinal direction that become shorter In the effective 

31 direction when an extemal electric voltage is applied. 
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1 Abstract 
2 

3 A piezoelectric actuator, e.g., for actuating a mechanical component, is 

4 proposed, In wliich a piezoelectric element (2) for acting on an actuating element 

5 (9) with a pulling or pushing force, and a compensating element (3; 20) are 

6 provided, wherein the piezoelectric element (2) and the compensating element 

7 (3; 20) basically have the same temperature expansion coefficients. The 

8 compensating element (3; 20) is mechanically coupled to the piezoelectric 

9 element (2) in such a fashion that the temperature-induced expansions of the 

1 0 piezoelectric element (2) and the compensating element (3; 20) cancel each 

1 1 other out in the effective direction in such a fashion that the actuating element (9) 

1 2 remains in its position. A heat transfer compound (12) is located between the 

1 3 piezoelectric element (2; 21 ) and the compensating element (3; 22). 
14 

15 (Figure 1) 
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1=^ and have also identified below, by checking the box, any foreign application for patent or inventor's 
m certificate or PCT International application having a filing date before that of the application on which 
iji priority is claimed. 

Prior foreign applicatlonCs): Priority daimBri- 

:U 199 28183.1-32 GERMANY JUNE 13 IQflfl y 

g (Number) (Country) (Date filed) Yes No 

(Number) (Country) (Date filed) ~Yes " No 



iU As a named inventor, I hereby appoint the following attorney to prosecute this application and to transact 
all business in the Patent and Trademark Office connected therewith: 

IVIichael J. Striker, Reg. No. 27233 

Direct all telephone calls to Striker, Striker & Stenby at telephone no.: (631) 549 4700 and address and all 
correspondence to: 

STRIKER, STRIKER & STENBY 
103 East Neck Road 
Huntington, New York 11743 
U.S.A. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that wilful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1 001 of Title 1 8 of the United States Code and that such wilful false statement 
may jeopardize the validity of the application or any patent issued thereon. 





Date: 


Residence and 
^ Full Postal Address: 
Mainzer Strasse 27 
70499 Stuttgart 
Germany 


i^ull Name of First or Sole Inventor: 
H^riedrich BOECKING^ 


GERMAN 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Second Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Third Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Fourth Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Fifth Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Sixth Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Seventh Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Eighth Inventor: 


Citizenship: 


Signature: 


Date: 


Residence and 
Full Postal Address: 


Full Name of Ninth Inventor: 


Citizenship: 



